Background The quality of surgical performance depends on the technical skills of the surgical team as well as on non-technical skills, including teamwork. The present study evaluated the impact of familiarity among members of the surgical team on morbidity in patients undergoing elective open abdominal surgery. Methods A retrospective analysis was performed to compare the surgical outcomes of patients who underwent major abdominal operations between the first month (period I) and the last month (period II) of a 6-month period of continuous teamwork (stable dyads of one senior and one junior surgeon formed every 6 months). Of 117 patients, 59 and 58 patients underwent operations during period I and period II, respectively, between January 2010 and June 2012. Team performance was assessed via questionnaire by specialized work psychologists; in addition, intraoperative sound levels were measured.
Introduction
The quality of surgical performance depends not only on the technical skills of the surgical team but also on good collaboration and effective teamwork. The operating room is a very complex environment and is associated with significant morbidity: up to 60 % of all adverse events occur in the operating room, with up to 33 % resulting in permanent disability and up to 13 % resulting in deaths [1] [2] [3] . Surgeries may therefore be even more vulnerable to suboptimal teamwork than other fields. Previous work demonstrated that noise levels, which are a potential indicator of team activity, are associated with postoperative complications [4] .
The introduction of checklists has influenced teamwork by structuring some processes in the operating room at the beginning of a procedure [5, 6] . Nonetheless, other studies identified breakdowns in collaboration during critical situations that were noticeable to external observers [7, 8] . Interactions among members of the surgical team may be subtle, and they occur throughout the duration of an operation. Thus, there seems to be a need to optimize interactions among members of a surgical team throughout an operation in order to improve team performance and reduce patient morbidity.
The aim of the present study was to assess whether close collaboration reduces the incidence of surgical complications. In particular, we hypothesized that team familiarity (common experience as team members) between one senior and one junior surgeon (fellowship teams) improves team performance and thereby reduces the risk of postoperative complications in patients undergoing open abdominal surgery.
Methods

Patients
A total of 117 patients undergoing elective major abdominal surgery between January 2010 and June 2012 were included in this case-control study. The inclusion criterion was an elective open abdominal operation performed by one of the stable dyads composed of one senior and one junior board-certified surgeon. The exclusion criteria were laparoscopic and emergency procedures and pre-existing surgical site infection (SSI). All patients who underwent operations during the specific periods and who met the inclusion criterion were analyzed. Data were prospectively collected and stored in an electronic database. Postoperative patient care visits were performed daily during the hospital stay. All patients were contacted by study nurses 30 days or more after surgery to complete a standard questionnaire to detect SSIs according to guidelines from the Centers for Disease Control and Prevention [9] . If a patient was diagnosed with a suspected SSI, consultants or general practitioners were asked to confirm the finding and to classify the SSI. This study has been reviewed and approved by the Internal Review Board of the University Hospital Bern, Bern, Switzerland.
Teams and psychological assessment A fellowship system was introduced in 2008 at the Department of Visceral Surgery and Medicine, University Hospital Bern. Fellowship teams consist of one senior and one junior board-certified surgeon and are newly formed every 6 months, starting in January or July. During these 6-month periods, elective operations, preoperative and postoperative patient care visits, and outpatient follow-ups are performed by the fellowship team. Five senior surgeons led 16 fellowship teams. Period I was defined as the first month of each 6-month teamwork period, and the last month of each period was designated period II.
For a total of 26 operations (16 operations in period I and 10 operations in period II), every member of the surgical team completed a standardized questionnaire. This was done before staff left the operating room in order to evaluate the quality of teamwork and to report the difficulty level of the operation. Questionnaires were designed by specialized work psychologists and were confidential. Team members responded to questions about the perceived difficulty of the operation, stress during the operation, quality of team collaboration within the surgical team, and the ability to concentrate on the operation. Single items were assessed with a 7-point Likert scale in which a score of 1 indicated disagreement and a score of seven indicated full agreement. The cut-off for categorical variables was set by the mean value of each item. Analyses were run separately for questionnaire values of the entire surgical teams and of the senior surgeons (team leaders) responsible for the operation.
Measurements of sound levels
Intraoperative sound levels were recorded during 26 surgical procedures in two operating rooms of the same size with identical equipment, as described previously [4] . A sound-level measuring device (PCE 353, PCE GmbH & Co.KG, Meschede, Germany) was placed directly above the operative field in a fixed holder on the operative lamp. The noise intensity was registered digitally every second in decibels (dB [A] ). To eliminate the influence of general background noise, the baseline was set to the lowest decibel level measured during surgery for each patient. Results are given in medians above the baseline [4] .
The operative time of each procedure was divided into three parts: first third: resection, middle third: reconstruction, and last third: closure. The middle third of each operation was defined as crucial for evaluating teamwork; this part of the operation includes highly difficult steps, such as reconstruction and close teamwork between the junior and senior surgeons. Whereas during the first and the last third of the operation the senior surgeon was not always present.
Surgical technique
All patients received preoperative antibiotic prophylaxis. Before incision, a team time-out procedure using a standardized checklist was performed [10] . Hepatobiliary and pancreatic resections were performed with a transverse upper laparotomy, and surgeries of the upper and lower gastrointestinal tract were performed with a median laparotomy. The underlying disease defined the extent of resection. In all patients, abdominal closure was performed with a running suture of PDS (polydioxanone) Loop (Ethicon Sarl, Neuchâtel, Switzerland).
Complications were classified based on the type of therapy required to treat the complication and were defined as grade \3 or grade C3 [11, 12] . Surgical site infections that occurred up to 30 days after surgery were assessed according to the criteria developed by the U.S. Centers for Disease Control and Prevention [9] . Superficial SSI involved only the skin and subcutaneous tissue and excluded stitch abscesses. Deep SSI involved deeper soft tissues, such as the fascia and muscle, at the site of incision. Organ-space SSIs involved any organ or space.
Outcome parameters
The primary outcome parameter of this study was the number of overall postoperative complications that occurred in patients who underwent operations during period I or period II within one 6-month period of fellowship teamwork. Secondary outcome measures were SSI, assessment of team performance, intraoperative sound levels, duration of operation, and hospitalization time.
Statistical analysis
Univariate analysis was performed with Fisher's exact test for categorical variables. Continuous variables were compared with Student's t test and are presented as medians and ranges. Two-way analysis of variance (ANOVA) was performed to analyze sound levels during the operation. P values were two-sided, and P \ 0.05 was considered the threshold for statistical significance (NCSS 2007 for Windows; NCSS, Kaysville, UT).
Results
The present study included 59 patients who underwent operations during period I and 58 patients who had operations during period II. Complete follow-up information was obtained for 115 patients (98.3 %); two patients died during the 30-day follow-up because of multi-organ failure. The baseline characteristics of the two patient groups were comparable (Table 1) . Operative procedures classified as ''other'' included adrenalectomy, multivisceral resection, retroperitoneal resection, and ventral hernia repair, including adhesiolysis. No between-group differences were found in the median duration of hospital stay (period I: 11 days; range 4-51 days; period II: 12 days, range 4-56 days; P = 0.524).
A significantly higher incidence of overall complications was detected during period I than during period II (54.2 vs 34.5 %; P = 0.041; Table 2 ). The grading of complications is shown in Table 3 . The incidence of SSI was significantly higher in period I than in period II (40.7 vs. 22.4 %; P = 0.046). Incisional superficial SSI occurred in 16 patients (27.1 %) who underwent operation during period I and in 6 patients (10.3 %) who underwent operation during period II (P = 0.131). Incisional deep SSI occurred in one patient in each group (1.7 vs. 1.7 %; P = 1.000), and organ-space SSI was diagnosed in nine patients in each group (15.3 vs. 15.5 %; P = 1.000). A combination of different types of SSI was found in two patients who received operations during period I (3.4 %) and in three patients (5.2 %) who received operations during period II. Concentration scores from senior surgeons, which were assessed with a 7-point Likert scale on the psychological questionnaire, were significantly higher during period II than during period I (37.5 % for period I vs. 88.9 % for period II; P = 0.033; Table 4 ). No difference between the two periods was found regarding difficulty of operation, stress during operation, or team collaboration within the surgical team.
Median sound levels above baseline during the middle third of each operation were significantly higher during period I than during period II (median 8.85 dB [range 4.5-11.3 dB] vs. 7.17 dB [range 5.24-9.43 dB]; P \ 0.001; Fig. 1 ). Median sound levels above baseline during the entire operation (from incision to closure) were not significantly different between the two periods (data not shown). No differences in median sound levels were detected during the first third and the last third of the operation between the two periods (Online supplementary Figs. 1, 2) .
Discussion
In the present study, working on fellowship teams whose members were more familiar (period II, the last month of the six-month teamwork period) was associated with reduced morbidity after major abdominal surgery.
Team familiarity (common experience as team members) has been found to play a critical role in good collaboration in the operating room [13, 14] . Working on the same team allows team members to gain mutual experience and to develop routines [13, 14] . Teams can improve their performance over time, particularly as team members gain experience in collaborating [13, 15] . Common experience allows teams to perform better work under pressure when operations become more difficult, thereby enabling them to better react to unexpected surgical problems [7, 8] . Previous studies have revealed that working on fixed teams was associated with a shorter duration of operative time, but these analyses did not include patient outcomes [14, 16, 17] . The present study demonstrates the impact of team familiarity on clinically relevant outcome parameters.
The present results are clearly different from the so-called ''July effect,'' in which team performance influences mortality rate throughout the academic year; new residents arrive in July. However, the potential association between resident exchange and mortality rate remains controversial [18] [19] [20] [21] [22] . Rather, the July effect may be caused by the introduction of novice residents who are unfamiliar with the clinical workflow, and not a lack of team experience. The present study, however, focused directly on the impact of teamwork experience within surgical teams consisting of senior and junior board-certified surgeons on clinical outcome parameters. Therefore, this study more likely highlights the synergistic effects of cumulative teamwork experience than the lack of experience in the clinical workflow that is expected of residents in their first months of clinical work. The present study also revealed that the main surgeon's mental concentration was higher in more familiar teams during period II, which may explain the observed effect. In the operating room, distractions that occur in and around the surgical field affect concentration. These distractions can impair surgical performance and result in a higher error rate [23] . Senior surgeons have to deal with various distractions, train junior surgeons, lead the entire surgical team, and simultaneously focus on a complex procedure. Training lessexperienced surgeons is a crucial task for senior surgeons. The increase in the knowledge and skills of junior surgeons and the increasing sense of routine in the more experienced teams may enable the senior surgeon to better concentrate on the operation. The lower overall concentration score reported by the main surgeon compared to the entire team further indicates that especially the main surgeon is faced with various distractions during the procedure because of the above-mentioned additional demands.
Noise in the operating room was previously shown to be associated with an elevated incidence of SSI [4] . The present study recorded lower noise levels in the operating room staffed by familiar teams during the middle third of the operation, which is likely the most difficult part of the entire operation. Low noise levels may indicate smoother teamwork because of more efficient communication, less tension, and a better emotional climate, all of which have been associated with better patient outcome [2] . Obviously, there are many other factors that influence noise levels in the operating room (e.g., doors opening; phones ringing; alarms going off), and very low noise levels may well indicate a cold and uncooperative atmosphere. However, if our observation of an association between team familiarity and noise levels is supported by future studies, and if other influences on noise can be controlled, high noise levels might be considered an indirect, if very gross, indicator of problems in team cooperation.
Breakdown of collaboration in the operating room is relatively frequent and enhances the risk of postoperative complications [1, 2, 24] . Establishing consistent surgical teams for everyday procedures seems to be clinically relevant; team familiarity was previously reported to have a threefold greater impact on the duration of the procedure than the experience of the main surgeon [14] . Team training under artificial situations has been attempted in order to improve surgical performance. However, changes in clinical practice, such as the use of checklists, have been shown to reduce surgical morbidity, often with larger effects than team training [5, 6, 25, 26] . Thus, teamwork in surgery may benefit more greatly from structural changes, including the introduction of stable teams, than from additional training.
A strength of the present study is the correlation of team familiarity and other indicators of team behavior with a clinically relevant outcome parameter. Interestingly, mortality and the incidence of severe complications were comparable between the two surgical periods in the present study. These observations cannot be explained by specific patient-or procedure-related issues alone. Low-grade complications seem to be ideal for evaluating team performance, as they are potentially associated with repeated minor breaks or errors in workflow.
One of the limitations of the present study is its singlecenter, non-randomized design. In addition, this casecontrol study investigated only team familiarity between senior and junior surgeons. Team performance in the operating room encompasses various teams, such as the surgical team, the anesthesia team, and the nurses. Additional assessment of teamwork quality and sound measurements were analyzed only in 26 procedures because of the limited availability of specialized work psychologists. The study is also limited by its retrospective design and the limited sample size. Given the results from this study, these limitations warrant a prospective observational trial.
In conclusion, the present investigation has demonstrated the beneficial impact of team familiarity on complication rate, a clinically relevant outcome parameter. This finding may be explained by a scenario in which a senior surgeon operating with a more-familiar team has a greater ability to concentrate on the operation than a surgeon operating with a less-familiar team. However, this specific finding needs to be confirmed in a prospective fashion that includes the investigation of other teams in other institutions.
